Modeling an atomic excited state as a simple charged dipole oscillator immersed in a random (zeropoint) radiation, we discuss the effects of two metallic plates on the properties of a microscopic system. The spectral distribution of the zero-point electromagnetic field, characteristic of stochastic electrodynamics, and the rate of emission of the osci11ator are modified by the boundaries of the cavity. As a result, the lifetime of the oscillator excited states are different from the free-space values. A comparison with recent experimental results [W. Jhe et a1. , Phys. Rev. Lett. 5$, 666 (1987) 
I. INTRODUCTION The role of zero-point electromagnetic radiation in many physical phenomena is becoming clearer since its first appearance in physics with Planck's second blackbody theory [1] . A few years after Planck's discovery of these vacuum zero-temperature electromagnetic fluctuations, Nernst [2] proposed that zero-point radiation might be responsible for the stability of atomic systems.
With the development of quantum mechanics in the 1920s, zero-point radiation reappeared as a straightforward consequence of field quantization. However, it lost the status of a real field to become a "virtual" Geld, that is, it could not be observed directly. Nevertheless, important effects of the zero-point radiation on physical systems were discovered [3] : radiative corrections to the atomic energy levels, anomalous magnetic moment of the electron, the Casimir effect [4] (forces between atoms and macroscopic objects), etc. Later on, the zero-point fields regained more attention with the works by Welton [5] and Sokolov and Tumanov [6] , where these quantum electromagnetic fluctuations were considered as the source of the microscopic fluctuations presented by the electron inside an atom.
The experimental confirmation of these theoretical predictions, like, for instance, the measurements of the radiative correction to the H-atom fine structure (Lamb shift [7] ) and the Casimir attraction between conducting plates observed by Sparnaay [8] , were considered as spectacular successes of quantum electrodynamics.
More recently, with the use of lasers, it has been possible to study environmental changes of the vacuum fluctuations, for instance, using highly excited states of atoms which have large polarizabilities and therefore are strongly coupled with the electromagnetic field. If the atom is inside a cavity, its radiative properties are modified because the electromagnetic field surrounding the atom can be drastically altered by the presence of the cavity walls.
These efFects have been observed experimentally and have generated a new field called "cavity quantum electrodynamics" [9] . 2''/3c is the radiation reaction or self-field. These electromagnetic fields represent, respectively, the jfuctuation and the dissipation that govern the dynamics of such a microscopic system because even at zero temperature there are vacuum fluctuations associated with the field operator E"(t). Therefore it is possible to consider these fluctuations as the source of quantum fluctuations on the position x of the oscillating charge. In fact, it is not diScult to derive the quantum commutation relation between the position and momentum of the oscillator as is well known [10 -12] . From the stationary solution of (1.1) one can show that the commutation relation between x and the canonical momentum p, = mx +(e/c) A"-2e x/3c, namely [6, 10] This interesting result means that [13] (1) the charge in the vacuum can only lose energy by cascading downwards to lower energy levels; (2) the ground state cannot be stable in the absence of the vacuum free-space fluctuations which exactly balance the energy loss due to self reaction. One can easily obtain from (1.3) the value of the Einstein A coeScient of "spontaneous" emission and the lifetime of the excited state in the free-space vacuum. It was also shown in Refs. [13] and [14] If the radiating system is inside a cavity (near conducting plates for instance) it is expected that some of the properties of this microscopic system will be modified [9] .
We address ourselves to discuss this problem here because of its fundamental relevance to our understanding of the dynamics of the microscopic world. Due to recent advances in experimental techniques, physicists are learning how to modify the behavior of atoms [9] . The zeropoint electromagnetic field has a fundamental role in these attempts, as we shall see.
In order to discuss these points we prefer to work within the realm of stochastic electrodynamics [15 -22] (SED) instead of using the standard QED formalism.
The reason for this choice is that within SED the zeropoint radiation is a real classical (stochastic) electromagnetic field, whereas in QED these vacuum fields are very often considered "virtual, " a not-well-defined concept in our opinion [23] . [30] . However, we only need to take into account those fields which contribute to the emission and absorption of radiation by the real dipole [16] . Of course there are terms that give rise to a van der Waals force between the real dipole and conducting plates [32] . This force will contribute to displace the dipole as a whole and will not be considered here. The above discussions shows that the spontaneous emission by the oscillator excited states is modified by the conducting plates. The equations of motion, which are isotropic in free space, are changed to [16] x+y x+N x = -E", [31] . However, for an oscillator at the point (0,0, b ) between two metallic plates (see Fig. 1 [33, 34] .
There are also other properties of the oscillator which are affected by the environmental modifications of the electromagnetic vacuum. They are mass corrections and Lamb shift corrections to the energy. However, they are very small as one can see from the more recent works by Cetto and de la Perta [29] . Hence r,a(8, V ) =y~~(i+cos'q)+y (I -cos'q), and since cosg = p, , (t) lp, we get (3.4) cos2l( =cos 8cos p+ -, 'sin 8 sin y, (3.5) where the angle y defines the initial orientation of the excited-state magnetic dipole p with respect to the magnetic field B (see Fig. l) . Since, in the atomic beam which enters the tunnel between the mirrors, the excited atoms have a random distribution in the orientation angle y, we must take this into account.
If t is the tunnel crossing time, the fraction f(8) of atoms which survive after passing through the gap between the mirrors will be f (8 ) [37] . In both cases it must be evaluated numerically.
The latter experiment above [36] [36] ).
the experimental data reported in Ref. [36] . However, as far as we know, these quantum calculations have not been published [9, 36] .
IV. DISCUSSION
The phenomena discussed in the preceding section are very stimulating. In our opinion the answer to these questions may be simple, as we have already said in the Introduction. It is obvious that isolated systems do not exist. Therefore the environmental radiation in free space is simply the emitted radiation which comes from distant matter in the universe. Such a proposal, as an explanation for the observed zero-point electromagnetic fields, has been discussed more than once in the past [38, 39] . As far as the second question is concerned, we also believe that the answer may be affirmative [20,40 -42] . [14] . There it is shown that the Lamb shift is mainly due to vacuum fluctuations, but the spin anomaly g -2 is mainly due to radiation reaction. In other words, the leading term of g -2 is given, in both sign and magnitude, by an interaction of the spin with the vacuum fluctuations and the radiation reaction field, that is, both are necessary.
